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[I§#3S1] &%mtttf. (YxRi-x)3(FevMi-Y) 

5*Z 012 

(fcfiU RliCa. BU Gdfcd:l/^±|I^(Dia^± 

MISAU V. Co. In. Zr. Sn. Ga. Mn. Si. GefccfctfTi 
<Dim&L±£&To ) t^LtztZ. 
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[ISXJ13] BtJlEH^B^SmCos^. SnttCon Nd 
2Fei4B^. Nd2Fei4C^. Sm(FenTi)^. Sm2FenN 
2.5^. Sm2FenC2.2 Nd (Fen Ti)No. 8 Nd2Fei4B£ 
Fe3BO>«Mffl««tt*3k SmFe7N2 fcFe<D««tt«»»*fc 
l*Nd2 Feu B<t Fe(D$ft«g^ #*4<D I >-T*i^ ££*&J* <t 
6#±SIffi:5T*fc£l*#JSi *fcl*2<D|MTaSElB&* 

To 
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[000 1] 
[0 0 0 2] 

[0 0 0 3] ft*WVU- ^t^lU— 

*«i§£Hi i3^^ 0 ^pjffitt^t^ib-rffimiEiiETi 

ic. ngp«S2izSLT±«:^ffiyfflt;^ ?lC3-?4 

[0 0 0 4] »* % atfllHlte-T-l ULTliYIG u 
vh'^A**-**^) *<D*>a>* *tt«H::l*Y3F 
esOi2 &m**&f&t L. CHlz^flTC^^^DL/"-® 



Z3>^>^*m^;»XTl^o Y I G tet&fcl&lbM s CD 

aflM#it*<-7 — o. i%/°ctx$^<Dv. gieism 

a U- S *T ±& t. LT CD^jg^S * 0 luifi < £ £ 5 
[0O05] Cttibr-f VI/- 

5<t Ltwtv^A • a • thp ^ y OA 

6o L^Lfcr>b<£>. Cttt><7)m5li^x7^ h«5«*:y 

[0 0 0 6] *fc % 74 VU— £ '»-+aU-*S* 

L*U tt*a>*RRfflflR{tJ:y*R* 
*0>*:£lM>bZr03li. l^i$(DSJH$fi^^<, Yl 
G. hRCfcM***?!**:*** 

"C. Ce*l4S*ffl#l=PbZr03SttfflT?#ft^ofco 
[0007] 

fcWR-CMWttfcRttfc^iEHRR^tRfPtr * - 

[0 0 0 8] 

[Bit»»t4fc»<o*a] co>j:3aa»i*. tie 
<o**EiCcfcy»***i*. 

[OO0 9] (1) RftBIS^A^ (Yx Ri-x ) 3 (FeY M 

1-Y )5+Z 012 

(tztzL. RliCa. BU Gdfc«fctf«±Rro*<& 1 «KUl 
JSL, MttAU V. Co. In. Zr. Sn. Ga. Mn. Si, Ge 
fcJ:tfTia>1«i5l±S«r« ) ^SLfcd:^ 
X= 1—0. 2 
Y= 1 -O. 6 

Z = - 0. 005 — O. 005 

(Dgft«»/)<-0. 1 5%/ o Cl^±0%/ o C^^CDm5Tfe 
y. S««A«PbAZrB03iaLfct#. 
A/B = 0. 9 8-1. 1 

■eft* SHb^^^&iEE <h -r * * pra»isiB*^o 
( 2 ) BtiiB^SP^eo) 2 5 O cr*o)?^©a^^s^ 5 kG 
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lU±T*fc£±fS (1) <D&»I&®&mTo 

(3) wlttt&& : EtfSmCo5Jk % Sm2Coi7 Nd2Fei4 B 
Nd2Fei4CS. Sm(FenTi)^. Sm2Few N2. 5 Sm2Fe 

17 C2.2 NdCFeii Ti)No.8 Nd2Feu B£Fe3B<D$fc$fflJg 
SmFe? N2 £ FeCDffife*ffl*g«£#*43: fc !4Nd2 Fen B <t F 

-efc£±IB (1) **:I4 (2) cD^pratelK^o 

(4) flIlH^«H#Sm2Coi7&. Nd2Fei4B^0Hvf 

(3) <Dl^tlfr<D$E-oij£\°}&mTo 
[0 0 10] 

&i^&mm<- o . 1 5%/°cja±o%/°c*®(D^. 

SaSPI^PbZrOa £&^;b-t±6 C <t T*. aj£{&^^ 
*&BJia)3EWi£[I]ffif^f4. *I#>T;gl^£££ 

[001 1] zmc^y. 7i7-f h&H^yss 

PbZr03l*«E*©R«*r»ckyt*R«*T?fc*fc 
*>. M»#a>'hfifls**priiS*:fc*. c*tlcfcy. # 

[OOI 21 

EUSWWxRi-x ) 3 (Fev Mi-y )s + z O12 -e«**i5»fbtt 

«tt*m-efcy. nnK^tfaraxRKoiBfltttf 

-o. 1 5V o c^±0V°c^I5t^U, 

pbAZrB03-c«**t*»<b«i (kit. pz> ^±*a«^-r 

[0013] fc*£L. (YxRi-x )3(FeYMi-Y )5+Z O12 t& 

R=Ca. Bi. Gd. Re(*±3S7c^) 

X= 1 ~ 0 2. #£L<(41 ~0. 1 

M=AI. V. Co. In. Zr. Sn. Ga. Mri. Si. Ge. Ti 

Y= 1 -O. 6. *?*L<I41 -0. 3 

Z = - O. 005-0. 005 

T'fcy. PbAZrB03tSLfr<t 

A/B = 0. 98-1. 1 . < 14 1 ~ 1 . 05 

[0014] *«raagMneiBMMm*« flc*a>ta>£ 

KfiL *8fHe)$K^lcl4. y 1 G (-f ? KU^Aft*-* 

*H »<Z>t(Z). M<*tfH^I4Y3 F e50l2 £K**BJ&<t 
it (YX Rl-X ) 3 (FeY Ml-Y )5+Z Ol2 

X*&t>Ltzt£. YZmfe-tZTtmRlt. Ca. Bi. Gd& 
cfct/Re(*±Si7c*)(7)'>^< £*> iat?fc^ 0 *fc. Fe 
£©&-T£7uf£MI4. Al. V. Co. In. Zr. Sn. Ga. M 



n. Si. Ge. l\<D'ptj: < 1 1 1 HT*fc6o *LT. X 14 
l-O. 2. #£L<I41~0. 1T*fey. YI41~ 
O. 6. #£L<I41 -0. 3t'fe^i 9 4^, SttSI 
a)fcto©**»ln»|-Cft*Re(*±a7C*)te«fetfCo. M 
n. Si(D±i25£lcfclt£limtl4. il^. O. 2WT*C 

fei> 0 («*7c***t?Y) : mWkTtmz&ts 

F e) : OI4. -fb^«iafflJ«tt-efc^3 : 5 : 1 2A>£> 
<HgL-tl^T4,£<. ZI4-0. 005-0. 005t 

fe&o 

[0015] Y IG0)¥iiiyU^>gliO. 5-10/i 
m. *$|zi -4/im)b<*?3:Ll^o 
[0 0 16] Y I G(DS&*a{8<bMsl£. O. 025- 

0. 2Wb/m2 % < (40. 07 5-0. 1 8Wb/m2T* 

fe^o fit> *(D;UJ£f#tti4-7 — 0. n/°cr*fc 

Z>o m*-l£. Y203 : Fe203 : Al203=6 : 9 : 1 <DY I G 

a>Msiii. 2kG-c*. -ta>iBK»tti4-o. 2%/°cfc 

£ G Y2O3 : Fe203 : V2O5 : CaC03= 1 1 : 2 3 : 2 : 8 <J> 

YIG(DMsf4l- 3kG-e. ^(D'U&ftiiit-o. 12 

%/°C fc -1) o 

[0 0 17] B»@^(DliWi, »«. O. 3-1. 
OmmflJg^-r^o 

[0 0 18] **W(Dll^ffiEtt*^-l4. ccDYIGtf);*: 

1. nsttsicaaHttx«fta>aftffttA^-o. i 5 

-O. 05-0. 05%/ 0 C. #£L<i4-o. 02- 

[001 9] **wo>3^RrasiHiB*^-icfflL^4n»«5 

I*. aB»*SHBrO)a««»A<-0. 1 5%/°cm± 
0%/ a C*St. »*L<l4-0. 1 2%/ c CJsUlO%/ 0 C*3» 

[O O 2 O] n^M^B(D2 5°CT?CDB r 14. 5kG£L±. 

KBScky t««*A<*#t^«5t«l^*Ci:l=*y. 
J:y/Jx*t^»«5ri&»«:»**»t)*L*a)-C?. 

[0 0 2 1 ] KttM&CDmMtO. »*L< 
(4 0. SmmiaT-h-f <t^"e#^>o 

[0 0 2 2] C<D«fc5fctt5fcLTIi*±S«&&<fc 
y. SmCos. Sm2Coi7. Nd2Fei4 B. Nd2FeuC. SmCFen T 
i). Sm2Fei7N2.5. Sm2FenC2.2 . NdCFen Ti)No.8 $±iffl 
f&t^%i><Dtf&£L<m^t>1xZ>o ^fc. Nd2Fei4 B+F 
e3 B 1 1* 5 «««^*r». SmFe? N 2 +Fe t L * 5 ^*ffl«£*t 
#4. Nd2Fei4 B+Fe£ 5 L < ffll^^> 
*i£„ Nd2Fei4 B+Fe3BI4. Fe3BA< 2 O - 7 O vol%T*fe<?> 
^. ttftft^ LL> 0 SmFe7N2+Fel4. Fe?b< 1 0-5 0vol%*^ 
fc4C£A<»SLl\> Nd2Fei4 B+Fel4. Fe^2 0-7 0v 
ol%r-fc-&C^:A<H*Ll^ ^SniSHi: LXI4. Sm2Con 
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Nd,Fe 14 B 
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-0.05~-0.09 
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4.2 
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[0 0 2 5] ^SfiWO^RTffilHlB^OSMffllCli. P 
Zjffl^^o PZ£PbAZrB03<hSL*r<h:#. A/Bit 
0. 98-1. 1. #£L<I*.1~1. 05T*fc£oA 

filfflj£^iif&LT^T^<£i^ bi*o. 9- 

[0 0 2 6] PbZr03<DltK«*a>S£«»f*2 1 6 Opp 

m/°c-c. ft&m^tiri^itf^x-tr^ a *>^x (-1 

2ppm/°C) -^BaNd2Tis0i4 (-1 1 Oppm/°C) ?<fcn 
0>iUEftfk$ 0 icifi < C t £ 0 C tile J: o 

<haHb*<H*iS. 8IS0)tt;RWa)St{Htai 4 0 

0-240 Oppm/°C. 1 6 0 0 - 2 2 O Oppm/°C-C 

[0 0 2 7] L^t. PbZr03CDitiiaiplij^ 1 4 OT?, 
0. 7) ^BaNdaTisOu (JtR**9 0) ««fcy**S 

a>/hS^b*<RTffi-efc*o 8*ffl<z>JtB«*i* 1 ooia 
[o o 2 8] mm^cDmMt. o. 25-0. 6 

mm. **£L<l*0. 3-0. 5mnTCfe& 0 £fc. ^0)*: 
#£1*. ii*. $t7mmklT. #£L<l*5mmJ2TF* «7 
mm. W£ L < l*5mmlUTT?fc£o 
[0 0 2 9] £fiffi(DPZ<DSJB**$ttl*Qtt*<KLM5 



jStfjngl*. P ZlcftLT 1 Omol%ia~F. !ftl^5mol%m 

[0 0 3 0] *fc. PZI**«»iMA<{Sl*fc*>. «« 
»afiffi|±(Dfc^A*^X. B203^(D«S&#J£;fcJjDLT 
ticfcL^o #^*fcLTI*. *Wi«7X, 

Efn v W8£;tf^x. SIB**WIfc;tf7X*ft<*lf 
t>ti^o ^a)^iniaii2wt%uiT. 1 wt%JsiTA<» 

[OO 3 1] PZ<D¥i$<7U-f >gl*1~2 0/irru » 
|Z2~ 1 Ojimrt<»£Ll\, TO^U-OStfCfciU 

[0032] *ic % MMsa>aittAs«Kvi'r«. 
[00 3 3] mt&. mtisfr^-^j+momtfa&m 

n o-2 4*n»»-r4. wwi^i** ttjfticfcyiKib 
»l=*by 3 Ktttt* *K1bW* > 

*4gl*0. 5~ 1 0/imfi*A<»*Ll\, 
[0034] fit, 9 O 0- 1 1 O 0°C-C 1 — 2B$R| 

[0 0 3 5] CKDfi«l»*lc % #£L<I*PVA 
-;ut;u=i-;u) 7k?t;$l?£i~i Owt%s&*QU Sift 
"T^o ^^.>57Ki§i*(DilJgli5- 1 2wt%A<#SLl\, 

[OO 3 6] ca>Htt*1t/cm2gft-c^uxL. C3£* 
(zAHrp v 0>aa^Wl*JLoo. 1 2 00-1 3 50°CT* 

[00 3 7] z<Dmmto&mmmmw^m%.<DmM~*i 

[OO 3 8] **S8(D«ft@*n^<D»£;£&£K 
[O 0 3 9] m^lHlfe^lCliCYxRi-x )3 (FeY Mi-Y )5 + z 0 

[ o o 4 o ] a^lHJfc^li. mc4 v V l J ^ A. K^btt 

a^-r*. BSttici*. y»<b*f=**>y 5 *<b 

MR«, 7K^<b^. yi^SS, ffiitttt 
*$ffll^T*^**>ftl^ K80)¥«lttaf*0. 5-1 

0//mgJg^^Ll^ o 

[004 1 ] fit, -0>;g^t#3££ 1 1 0 O- 1 3 O 
0°CTr 1 ~3BSM<EBt-r*o 

[0042] cia>i5flll»*$*-^5;u*-et»»L. » 

* L < \*¥i%18L® 1-10// mitt 
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[0043] ^o>iSfln»5Ricet^ju*fti^. m 

[0 0 4 4] t: t^u^LTte. 

. xf jHz;up-x, tKU if— 
^-UiMttiB. ^juy *7*y u-hfo)/W>^ << 

[0045] m&mmLx 

5wt%£TF. MI^3wt%I^T. 1 wt%£LTT* 

[0 0 4 6] cooBMittx^'J-S :7U— Kj* 

[0047] agm^-x hfcoiNrlS^-r-So 
[0 0 4 8] ««*r»f*ii*±j«»i:-r**a>-efcy. 

±fc-r*. 8MW3 0^W6tiA« 

[0 0 4 9] AMMb«l£LTI*GaB<b«5 (G a 
2 03) . LaWtft ( L a 2 03) . P rfitt (P r 6 
Oil) % SmK^b«9 (Sm203) . Eu|« (Eu2 
03) . GdK4b^ (Gd203) . Dyfijbft (Dy20 
3) , ErM (Er203) . Tmgibft (Tm 

203) ^i;Ybm (Yb203) (DL^-rn^-am 

fc*. MMb»(D»ttt» 1 o olMlz»tS*» 

i*s*v*\ «©attttA<3B<ft*o ^f-2osaa5^j« 

mmtmmwL. ^<Dtz#>. 
^uwt^o^mmtmwttn i oom«i::»lt 

o. 1 -2 0Mffl-efc&-£rt<»*Ll*o 3*«*m<& 

£*<»*Li*. MIMb*(DV«ttSt,. n«ft 
[0 0 5 0] tft <7)i,t LTIix^;Hz;UD— X. ~h 



5-7 0ll%tt6^tAW*LL^ *fc. 
fftK-X 3O0~3OO00cps (-tr 

[0051] *§£W<Dm%\Bi&*i*. «tt#a>y»;— > 

->£H*J«U »JBLTlBUE*Lx\ 

[00 5 2] *«na>*pTXBB»?a)3«. m*«iz 
■*-*iU-*£»ifTittirrs. **wA<affl**t* 

^Ll^-^ab-^li, US 08/219, 91 7 (USP 5,450, 

& Q caflMta-*-— tttt^nic^aitt 

(D/ctfu 'hSHb. l£»«<b. «»**b£B 4 
3\ ««*<b*pT*-Cfc«. 

[OO 5 3] H3f*. iE^-taU->fl)-fl , e*4 
r-«»Br»«HT?*y. B4lic<D-*— *n.u-*£ 

[0 0 5 4] m7r.£tl&£o\Z. ^(D^—^riL Ls—5\Z 
3SB^fi-e**fc«). »miH]|E : F2 0(i^®^ttA<iE^: 

[0055] i3|Zfcl>t, 1 01*-' 

"CSFfS/^ — (+<>»(*) 1l*»*S*i 
r^ft 0 11*. ^<D«fi£ffij-c*«i2Bic»Ji$ 
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Sgl*. UttWfl 0(D1 Ofe#(7){|ii®ICl5tt^^Tl>^ 
ag^sai 2U:mftMl::tt***lTl*ft. Iliftii o 
©±ffifc<fctfTffi£&tfl::tttt(*ll1 O^Ml 2 

[0 0 5 6] if— ^3. U— LTI*. gj4|c^f 

^dlC. «ftl§IIST-2 Oa>3-D<D«^fia (12) |C. 
*Sffl*^/<i/* 2 1a. 21b. 21c J&<«*MlC» 

«l*tf*UMAA<Hlc»3BL^III!S*tTl^* 
t#BB¥5-2 5 1 2 6 2#^«|cE«*;h/Cl*4«fc5fc 

y. Qtt<D«TSffijt-r*cfc*<-c#* D as^m 

[0057] fi^m(Hlte^2 0CD±TfC!i v CI (D^mEfc 

^2 0i:ia«ilH4 (B3#HR) zwmT*>t-tbo>m 

Wmfr<kW>^2.2.l£&tfZ3 (B4#I) *<-t*l^tlfl» 

[0 0 5 8] JfclZ* C<Z)<fc5fc«/£a>^— U — ^ (7) 

[0 0 5 9] 16 AlC^-Tcfc^lr. ^-(DS|fe«tt«tt# 
«Sl:«fcUSv-h4 0, *PbV>— h4 1 fccfctfTffl 

fflv— h4 2(DJI£I*0. 3-lmmSS-efcy. JS* 1 
0 0-2 O O^mUjg (»*L<I*1 6 0//m) <Z>v— h 
Sa»ftW»LTfflt^*o *IB*>— M 1<Z>J5£f*3 O 
~2 0 0//m«fln?fcy. #£L<l£ift1 6 

[ooeo] *Hv— h4 i ©BrSttBlci*. :©y- 

h^Sii-r^OVT^— ;U4 3 a. 4 3bfcW4 3c 
[0 06 1 ] *Wv— h4 1 tecfct/TSU*>— h4 2CDJL 



It^2*(DX h'J ^tfc/^ — >fr^fr&3*£0):3^ 
;U/<2 — >lCj:5±ffirtfl«M*4 4 a. 4 4bfcc£l/4 
4 c£t>tf|CTfflrtfflSH*4 5 a % 4 5bfc<fctf4 5c 

*1*J***l4o C<7>cfc^lC^jSLfc±Sl5*>— h4 0. * 
IBS/- h 4 1 cfctfTfflv— h 4 2 *«*«te«fc-frfc 

a. ana/raff ig-ex*-y*-r* 0 -tilery . *n*> 

— h4 i o>as55ffiic3Ei»aia)=i -ou/^— 

^H^C^IZ^y. -t(D«»ttA^&. 3SW-+ab 

-*a>«HFiB<De»«tt*<SLMc-aap-e-&*i*. 

[0062] Cl(7)J:5lwLrgl6 BlC^f ct5lCX^ »v 
***ifc±»->-h4 0. *Pb1v- h4 1 fccfcl/TSUv 

-h42j, ne«**t»a)]ikja[tt±9ijai*9ia)afle-e 
a»Ei<D»*tt^< ii§ii*Hijaj2i±(D* 

fitt-T^o za)«j*lc«fcoT\ ±gpv— h4 0, *|fl»> 

- h 4 1 fccfcl/TSPv- h 4 2 iMtilttWia 

[0 0 6 3] fcfc. 06 AtJj:tfH6B-er*. -tSfli'- 
MO, + Wh>— K4 1 feitfT»»>- h 4 2 ^BEIZjE 

[0 0 64] JSL±<D«rtxaiZ«fcoT. ±»l*»»f*4 

4 a. 4 4 b. 4 4 c(D— JB^TffiWfflSHM 5 a. 4 

5 b. 4 5 c0-St^V7/t^-^4 3 a, 4 3 b. 
4 3 -f T^-;U»(**^LTS«WlZ^*L-e*L 

[0065] fltrtfe*t/«Ka>a. #«»is*e^i** /< 

3^o«t««:a)=i-^— <Dffi^y*<fft)*t4o @ 
ItTff^^-T^o CttlCj^y. ±ffil*)flSSttM 4 a. 4 4 

b. 4 4c<7>$am(EiiE : F{iy®^gaiLrLN^,ffi4ffi^^ 

(4 6) ir*«Mlz««2Fft*c:££tty % "FSU 
f^g|5^i*4 5a. 45b. 45c ^ffi^IoliE^flJSI^S 

uurL^«nb«}b«««iEa)tttt*tt: (47) [camwic 
ftttsnszi^ftSo fit, ccDeatmsiE^s-jg 

T-Sa (4 6) lz. H4lz^-rcfc^U*Sffl*v/<i/^ 

2 1a. 2 1b. 2 1 c^I^m, 'J7P-S«I: 
*yi*A//£ftlfr*. *<D8L iIS!t«*«Biftl-r4fc«) 

[OO66] ±B«tf«li. 3 8TaOT-+al/-J 
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[0 0 6 7] 

[0 0 6 8] <HSS#] 1 > 
1.PbZr03gftg«g)ffW 

8. 5 7/imO)IMbtt(PbO)^¥tttt&l. 9 4 
j/mtf)g„<bv;U=i - OA(Zr02) .r^Uttl? 1 : i cDtlJ£• 
-e12B5p f ^l7t^-;^ 5 ;ut&# u iooo°ct? 2 ftNiKft u/_ e 

fit, #£;W-ffi*j_t»;fc 2, 10/imO)) 
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ofco **{*l*««W»-CJ»*300/in*-CWj»L. 

-x h-eMnKSW ■ *#ttr+Lfc. 

[0 0 8 6] 2.&^@fe^(YlG1)CPf£^ 
¥^J»@4. 3 8/im(0iMbY^ hU^A (Y2O3) t 
¥«Mt«1. 6 9/inO)Wb« (Fe203) 

1. 1 0 jumcoK^bT;us— ^A (a 12O3) ^^uife 

6:9: 1 CD9J^T*;1^ U 1 2 0 0 °CT* 2 ftNHEft L 

fc 0 fit, »6^fcff*»**-;u5;uzr»*L 

fco €&tft* (¥«D*«i&2. 1 6vm<D) 

£ 2 4wt%. -f v^ne;i/7Ji/3- n>£ 
h;i/X><[:^f^xf;^ h:/£0>Ae'&fl£ 1 3wt% 

[00 8 7] yj->*>»n:e7*- yufflcOTX^/^^ 
»E»U wi<*$ftfc« *a>*Hf«a>***a>»ttic 

«KL, 1 4 3 0°C-efliaLfco *J*ffe<DY I GCO^FKi 
[0 0 8 8] Cttlr«100%A%?,ft-&SH*'<— X h*»* 

[0089] *rz % «flH*a>±Tffiic«K— x h*»# 
[00 90] ctiiccfey»tti*. +t>mm<-fMtZ*i 

[009 1 ] 3. mfrlLT 

-0>J:5lwLr»e>tLfc«ftEHK^(YIG1). PbZrOs^g 
Sffi, Nd2Fei4Be±ffl*t-r*^9as (J»^0.4m 
m) . a-<7&mi<DmWX-m<*±LXZ>Zt\zJ:i), ft 

[0 0 9 2] MXttttl**? h^-^T^-^-flf-CjH 



( 9 ) 



ttBHVI 1-283821 



[0 0 9 3] <tt&#J1 > 
1. rt=7X-tr^ 5 ^XgaggfflifeM 

g2. 3 8 /imCDggfc? 1 *^ (T i O2) £¥*S)*ig1 . 

1 o j/mcoi^bT^us^A (AI2O3) £MfiJtT-i 

4:3: 3 <7)#J^T*;I^ Lfco fit, COS^^IC 

[0094] ^u— hict'T^— ;uffl(7>?>:^/<> 

U 9 0 0 0 CtMLf; 0 
[0 0 9 5] 2fc|z % fltritttCDJiTffilwIH^— X 

[O O 9 6] ^H\z&i)mn&. *0*(*4«-#Mb*#t 

[0 0 9 7] 2. «ft|l)fi ^(YIG1)<Pft« 
¥«Sttfi4. 3 8//m<7)lt<b-f ^ h'JOA (Y2O3) <t 
^«g1. e9um<Omttk (Fe2 03) ^spftftg 

1. 1 o^m<D^^br;us-^A (a 1 2O3) £^jufcfc-o 

6:9: 1 (OWl^VM^ U 1 2 0 0°CTf 2 B^iRjtJfc L 

tzo fit, »6*tfciS«»*?K— Jus;ucr»»L 

Sa/U>^-J2 4wt%. -< v^d t°;u7;u=i— 
h;i/X>(!:^f;Hf^h><!:a)I-&S^^l 3wt% 

[0 0 9 8] yj — >v— Hzt # 7*- 

Hz!**— /tO'*— X hSiffllfco yy->v-h£ 

#JSfrL> 1 4 3 0°CT?fllfiRL/=o «rt«a>Y I G(D¥«D 
*&SI*3. 8 Z<Dt£1>— 7t*>l*#»L 

[0 0 9 9] d*tfcffl1O0%^t>3S*3H*'<-^ 
EyuxiCTGEALfco fit, Cti^900°ClCT^# 

[0100] Jftijlft^Tliica^-x h*** 



*o*c«a*. x h*«*ftit*cfcicj:y» 

[0 10 1] C*llCcfcy»ttf** «,b»»A«-WbJf*l 
[0 10 2] 3. m&±LT 

-CD^-5I^LT^t>Hf-52m[Hlfe^(YIG1). #^X«fe^ 

Sm2Coi7£±fflj«<t**rt«tt5 
(J5<^0.4mm) . 3-9SHl©EiT?a^aT4Ct 

[0 1 0 3] KJB3M#ttli*y h 7— y *fX-m 

[0 10 4] <Jttt«2> 

82. 3 8*im(D»<b^*> (T i 02) 1 . 

1 0 //m<D»ftT^U5-^A (A I 2O3) SKSttTC 1 
4:3: 3 <7>»J^-CS^ Lfc„ fit, CCD;1^f»^(Z 

'j;i/***/<-f>y-$2 4ft%, -f v?p t°;ur 
tx^y— s wz-yis- F&izx. yy— h 

i:*»Lfc. 

[0 10 5] y»J — MCfcfT*— JUffl<Dft£/<> 

f>^y->t«L, *-<&&y U — HcJ?Jg 

Ls 9 0 0°CT?BtrtLfco 

[0 1 O 6] «jatt<D±Tffilcffl'«— X h^fil^ 

ftlt*-tl^«*:or^ffl*a*^Lfco 
[0107] ^*Lir<fcy««i*. *OIM*a«-{«b**i 

[0 10 8] 2.««Elg^(YIG1)<PftM 
^^J*4g4. 3 B/imiottlk'f ? hU^A (Y2O3) £ 
6 9/*m©IWbft (Fe203) tTOUft 
1. 1 0 Km<DM<b7;U5— OA (A I 2 03) £*;UjfT? 
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[o 1 2 2] KM&tttti**? ^T-^-^-Yif-ea 
fc 0 *2ic«3ELfc7-f yu-*o>aflM»ttt*r. 
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(54) NONREVERSIBLE CIRCUIT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonreversible circuit element, which can be 
miniaturized and is superior in temperature characteristic. 

SOLUTION: A nonreversible circuit element contains an oxide magnetic material with X=1 to 0.2, 
Y=1 to 0.6 and Z=-0.005 to 0.005 at the of expressing a magnetic rotator to be (YXR1-X)3 
(FeYM1-Y)5+Z012 (where R represents Ca, Bi, Gd and at least one kind of rare earth elements 
and M represents at least one or more kind from among Al, V, Co, In, Zr, Sn, Ga, Mn, Si, Ge and 
Ti). At the expressing of an external magnet to be a magnet, whose temperature coefficient of 
residual magnetic flux density of -0.15%/° C to 0%/° C and expressing a capacitive part to be 
PbAZrB03, oxide being A/B=0.98 to 1.1 is set to be a main composition. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A magnetic rotation child 3(YXR1-X) (FeYM1-Y)5+Z012 (However, R expresses one or 
more sorts of calcium, Bi, Gd, and rare earth elements, and M expresses one or more sorts of 
aluminum, V, Co, In, Zr, Sn, Ga, Mn, Si, germanium, and Ti.) When expressed, the oxide magnetic 
material which is X=1-0.2Y=1-0.6Z=-0.005-0.005 is included. The non-reciprocal circuit element 
which an external magnet is [ the temperature coefficient of a residual magnetic flux density ] 
less than 0%/degree C of magnets -0.15% [/degree C ] or more, and considers the oxide which is 
A/B=0.98-1.1 as the main composition when a part by volume expresses PbAZrB03. 
[Claim 2] The non-reciprocal circuit element of the claim 1 whose 25-degree C residual 
magnetic flux density of the aforementioned external magnet is 5 or more kGs. 
[Claim 3] The aforementioned external magnet SmCo5 system, Sm2Co17 system, a Nd2Fe14B 
system, A Nd2Fe14C system, Sm (Fe11Ti) system, Sm2Fe17N2.5 system, 17CSm2Fe2.2 system, 
Nd(Fe11Ti) N0.8 system, the detailed composite material of Nd2Fe14B and Fe3B, The non- 
reciprocal circuit element of the claims 1 or 2 which are the rare earth permanent magnets 
which consider either detailed composite material of SmFe7N2 and Fe, or detailed composite 
material of Nd2Fe14B and Fe as the main composition. 

[Claim 4] One non-reciprocal circuit element of the claims 1-3 which are the rare earth 
permanent magnets to which the aforementioned external magnet considers Sm2Co17 system or 
a Nd2Fe14B system as the main composition. 



[Translation done.] 



http://www4.ipdl jpo.gojp/cgi-bin/tran^web_cgi_ejje?u=http%3A%2F%2Fwww6.ipdl jpo.gc, 03/10/08 



1/16 s<— v 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to non-reciprocal circuit 

elements, such as a concentrated-constant type isolator and a circulator. 

[0002] 

[Description of the Prior Art] The miniaturization of the electronic parts carried in such 
communication equipment is called for with the spread of the mobile communications 
represented by the cellular phone. However, the isolator and circulator which are carried in the 
I/O portion of a transmitter were located in a line with power amplification, and are behind other 
electronic parts in progress of a miniaturization. 

[0003] The basic structure of the conventional isolator and a circulator is shown in drawing 1 . 
On the magnetic rotation child 1 who brings about irreversibility, the external magnet 2 for 
impressing a direct-current magnetic field to this magnetic rotation child 1 is attached, and the 
capacitor 3 is attached in the bottom of this as a capacity substrate. Furthermore, the yoke 4 is 
formed so that the whole may be surrounded in contact with the external magnet 2. 
[0004] Usually, as a magnetic rotation child 1 1 , the thing of a YIG (yttrium iron garnet) system 
and the substitution type garnet ferrite which specifically considered Y3Fe 5012 as basic 
composition, and added various elements to this are used. Moreover, as a magnet 1 2 for 
external-magnetic-field impression, the capacitor by which the dielectric constant temperature 
characteristic used [ the ferrite magnet ] about zero ceramic for RFs or the glass epoxy resin as 
a capacitor 1 3 for a part by volume is used. The temperature characteristic of saturation 
magnetization Ms cancels YIG by using a ferrite magnet with the large temperature 
characteristic of a residual magnetic flux density Br for an external magnet with -7 — 0.1%/degree 
C, since it is large, and the temperature coefficient as an isolator and the whole circulator 
element was made to be set to 0 closely. 

[0005] How to miniaturize a magnet can be considered maintaining a required magnetic field 
using a more highly efficient magnet as a method of miniaturizing non-reciprocal circuit elements, 
such as these isolators and a circulator. The ferrite magnet used conventionally is a 
comparatively weak magnet, and has neodium, iron and a boron system magnet, samarium, iron 
and a nitrogen system magnet, a samarium cobalt system magnet, etc. as a magnet which has 
more powerful magnetism. However, rather than a ferrite magnet, since the temperature 
characteristic is a flat, these magnets cannot cancel the big temperature characteristic of YIG 
by the magnetic temperature characteristic, and, for this reason, cannot make a flat the 
temperature characteristic as an isolator and the whole circulator element. 

[0006] Moreover, in order to miniaturize an isolator circulator, how to miniaturize the capacitor 
which forms a part for a part by volume can be considered using dielectric materials with a large 
dielectric constant. However, PbZr03 with a larger dielectric constant than the conventional 
dielectric for RFs had the large temperature characteristic of a dielectric constant, and since a 
temperature coefficient could not be adjusted but the temperature coefficient of an element 
became large when it combined with YIG and a ferrite magnet, it has not used PbZr03 for a part 
for a part by volume conventionally. 
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[0007] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the non- 
reciprocal circuit element which could be miniaturized and was excellent in the temperature 
characteristic. 
[0008] 

[Means for Solving the Problem] Such a purpose is attained by the following this invention. 
[0009] A magnetic rotation child (1) 3(YXR1-X) (FeYM1-Y)5+Z012 (However, R expresses one 
or more sorts of calcium, Bi, Gd, and rare earth elements, and M expresses one or more sorts of 
aluminum, V, Co, In, Zr, Sn, Ga, Mn, Si, germanium, and Ti.) When expressed, the oxide magnetic 
material which is X=1-0.2Y=1-0.6Z=-0.005-0.005 is included. The non-reciprocal circuit element 
which an external magnet is [ the temperature coefficient of a residual magnetic flux density ] 
less than 0%/degree C of magnets -0.15% [/degree C ] or more, and considers the oxide which is 
A/B=0.98-1.1 as the main composition when a part by volume expresses PbAZrB03. 
(2) The non-reciprocal circuit element of the above (1) whose 25-degree C residual magnetic 
flux density of the aforementioned external magnet is 5 or more kGs. 

The aforementioned external magnet (3) SmCo5 system, Sm2Co17 system, a Nd2Fe14B system, 
A Nd2Fe14C system, Sm (Fe11Ti) system, Sm2Fe17N2.5 system, 17CSm2Fe2.2 system, Nd 
(Fe11Ti) N0.8 system, the detailed composite material of Nd2Fe14B and Fe3B, The above (1) or 
(2) non-reciprocal circuit elements which are the rare earth permanent magnet which considers 
either detailed composite material of SmFe7N2 and Fe, or detailed composite material of 
Nd2Fe14B and Fe as the main composition. 

(4) One non-reciprocal circuit element of above-mentioned (1) - (3) which is the rare earth 
permanent magnet to which the aforementioned external magnet considers Sm2Co17 system or 
a Nd2Fe14B system as the main composition. 
[0010] 

[Function] By the thing [% / -0.15% //degree C / or more / less than 0%/degree C of magnets ] 
for which a temperature coefficient combines with the magnet for external-magnetic-field 
impression, and combines PbZr03 with a part by volume, a temperature coefficient can adjust 
the non-reciprocal circuit element of this invention, and it can prevent the frequency shift of the 
band property by temperature. Very high temperature stability is obtained and the non-reciprocal 
circuit element of this invention excels the conventional thing in the temperature characteristic. 
[0011] Moreover, since a rare earth permanent magnet with a larger residual magnetic flux 
density than a ferrite magnet can be used for an external magnet by this, a required magnetic 
field can be acquired with a small external magnet, and the miniaturization of the magnet for 
external-magnetic-field impression also becomes possible from the former. Furthermore, since 
PbZr03 is a high dielectric constant, it becomes possible from the conventional dielectric 
material also about the miniaturization for a part by volume. Thereby, a non-reciprocal circuit 
element can be miniaturized. 
[0012] 

[Embodiments of the Invention] A magnetic rotation child is the oxide magnetic material 
expressed with 3(YXR1-X) (FeYM1 -Y)5+Z01 2, and, as for the non-reciprocal circuit element of 
this invention, an external magnet considers the oxide (following, PZ) by which the temperature 
coefficient of a residual magnetic flux density is less than 0%/degree C of magnets -0.15% 
[/degree C ] or more, and a part by volume is expressed with PbAZrB03 as the main 
composition. 

[0013] However, when expressed 3(YXR1-X) (FeYM1-Y)5+Z012, R=calcium, Bi and Gd, and Re 
(rare earth elements) X=1-0.2 — one to 0.1 M=aluminum preferably V, Co, In, Zr, Sn, Ga, Mn, Si, 
germanium, TiY=1-0.6, and the time of being 1 -0.3Z=-0.005H3.005 preferably and expressing 
PbAZrB03 — A/B=0.98-1.1 — it is 1-1.05 preferably 

[0014] The non-reciprocal circuit element of this invention uses for a magnetic rotation child the 
thing of a YIG (yttrium iron garnet) system, and the substitution type garnet ferrite which 
specifically considered Y3Fe 5012 as basic composition, and added various elements to this like 
the conventional thing. It is a formula about composition of a replaced type garnet ferrite. 
(YXR1-X) When expressed with 3(FeYM1-Y)5+ZQ12, the element R which replaces Y is at least 
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one sort of calcium, Bi, Gd, and Re (rare earth elements). Moreover, the element M which 
replaces Fe is at least one sort of aluminum, V, Co, In, Zr, Sn, Ga, Mn, Si, germanium, and Ti. and 
X — one to 0.2 — desirable — 1-0.1 — it is — Y — one to 0.6 — it is 1-0.3 preferably In 
addition, the atomic ratio in the above-mentioned formula of Re (rare earth elements), and Co, 
Mn and Si which is a minute amount additive for a property improvement is usually 0.2 or less. 
Moreover, :(Y containing substitution element) (Fe containing substitution element):0 may be 
deflected from 3:5:12 which is a stoichiometric-composition ratio, and Z is -0.005-0.005. 
[0015] Especially the diameter of an average grain of YIG has desirable 1-4 micrometers 0.5-10 
micrometers. 

[0016] the saturation magnetization Ms of YIG — 0.025 - 0.2 Wb/m2 — it is 0.075 - 0.18 Wb/m2 
preferably And the temperature characteristic is -7 — 0.1%/degree C. For example, Ms(es) of YIG 
of Y203:Fe203:aluminum203=6:9:1 are 1.2kG(s), and -0.2%/degree C of the temperature 
characteristic exists. Ms(es) of YIG of Y203:Fe203:V205:CaCO 3= 11:23:2:8 are 1.3kG(s), and - 
0.12%/degree C of the temperature characteristic exists. 

[0017] A magnetic rotation child's thickness is usually set to about 0.3-1. 0mm. 
[0018] The non-reciprocal circuit element of this invention cancels the big temperature 
characteristic of this YIG by the temperature characteristic of PZ of a part by volume, and the 
temperature coefficient of a residual magnetic flux density uses less than 0%/degree C of 
magnets -0.15% [/degree C ] or more for an external magnet. By considering as such 
composition, the temperature characteristic of the resonance frequency of a non-reciprocal 
circuit element can be made desirable in -0.02 - 0.02%/degree C degree C -0.05 to 0.05% /, and 
good temperature stability is obtained rather than the conventional thing. 

[0019] The temperature coefficient of a residual magnetic flux density Br of the external magnet 
used for the non-reciprocal circuit element of this invention is [ degree C ] less than 0%/degree 
C of magnets -0.12% [/degree C ] or more less than 0% /-0.15% [/degree C ] or more preferably. 

[0020] Especially 25-degree C Br of an external magnet has 8 or more desirable kGs 5 or more 
kGs. Since a required magnetic field can be acquired with a smaller external magnet by using a 
magnet with larger coercive force than the ferrite magnet used conventionally, an element can 
be miniaturized. 

[0021] Thickness of an external magnet can be preferably set to 0.5mm or less 0.7mm or less. 
[0022] There is a rare earth permanent magnet as such a magnet, and SmCo5, Sm2Co17, 
Nd2Fe14B, Nd2Fe14C, Sm (Fe11Ti), and Sm2Fe17N2.5, Sm2Fe 17C2.2, and the thing that 
considers Nd(Fe11Ti) N0.8 as the main composition are used preferably. Moreover, a detailed 
composite material called a detailed composite material called the detailed composite material 
Nd2Fe14B+Fe3B, and SmFe7N2+Fe, and Nd2Fe14 B+Fe is also used preferably. As for Nd2Fe14 
B+Fe3B, it is desirable that Fe3B is 20 - 70vol%. As for SmFe7N2+Fe, it is desirable that Fe is 10 
- 50vol%. As for Nd2Fe14 B+Fe, it is desirable that Fe is 20 - 70vol%. Especially as an external 
magnet, J Sm2Co 17 system and a Nd2Fe14B system are desirable. In addition, these may be 
somewhat deflected from the stoichiometric composition. 

[0023] The residual magnetic flux density and temperature coefficient of the above-mentioned 
magnet are shown in Table 1. Moreover, the temperature change of the residual magnetic flux 
density of a Nd2Fe14B magnet and a ferrite magnet is shown in drawing 2 . The above- 
mentioned magnet has Br larger than a ferrite magnet, and the temperature coefficient is close 
to 0. 
[0024] 
[Table 1] 
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Sm 2 Co l7 


11.3 


0.03 


Nd s Fe 14 B 
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-0.12 


SmJFe 7 N s _ 




-0.10~0.12 


Nd 2 Fe I4 B+Pe^B 




-o.o5--o.oe 


SmFe^ N_+Fe 




-0.07—0.10 


NdjjFe^+Fe 




-0.05-0.09 


7x7-<h SrOeFe 2 O s 


4.2 


-0.18 



[0025] PZ is used for the part by volume of the non-reciprocal circuit element of this invention, 
the time of expressing PZ as PbAZrB03 — A/B — 0.98-1.1 — it is 1-1.05 preferably If A/B is 
larger than this, poor sintering will occur and a good capacity substrate will not be obtained. If 
smaller than this, Q value will fall and the loss as a capacity substrate will increase. The amount 
of oxygen may be deflected from the stoichiometric composition. In addition, B is 0.9-1.1. 
[0026] Since the temperature coefficient of the specific inductive capacity of PbZr03 is larger 
than a crystallized glass (-12 ppm/(degree O), BaNd2Ti 5014 (-110 ppm/(degree O), etc. which 
are 2160 ppm/degree C and are used conventionally, the temperature characteristic of YIG can 
be adjusted and near of the temperature coefficient as the whole element can be carried out to 
0. By this, use of the above-mentioned thing is attained at an external magnet, and the 
miniaturization of an element can be attained. As for especially the temperature coefficient of 
the specific inductive capacity of a part by volume, it is desirable that 1400-2400 ppm /are 
[ degree C ] 1 600-2200 ppm/degree C. 

[0027] And since the specific inductive capacity of PbZr03 is larger than a crystallized glass 
(specific inductive capacity 10.7), BaNd2Ti 5014 (specific inductive capacity 90), etc. which are 
about 140 and are used conventionally, it can miniaturize a part for a part by volume, and the 
miniaturization of an element is still more possible for it. As for especially the specific inductive 
capacity of a part by volume, it is [ 100 or more ] desirable that it is 120 or more. 
[0028] The thickness of a part by volume is usually 0.3-0.5mm preferably 0.25-0.6mm. moreover, 
the size — usually — it is 5mm or less preferably 5mm or less and 7mm wide 7mm or less long 
[0029] The RF property of PZ of a part by volume is so desirable that Q value is high, and, for 
this reason, it is desirable to add a cerium oxide, an oxidization terbium, an oxidization 
dysprosium, an oxidization gadolinium, a tellurium oxide, etc., and to improve a RF property. As 
for an addition, a 10mol% less or equal, especially less than [ 5mol% ] are desirable to PZ. A 
dielectric constant will become small if this is exceeded. Even if these use one sort, and they use 
two or more sorts together, they are not cared about. 

[0030] Moreover, since a mechanical strength is improvement in a mechanical strength for a low 
reason, as for PZ, it may add the sintering acid of glass and B-203 grade. As glass, borosilicate 
glass, lead glass, zinc silicic-acid glass, zinc borosilicate glass, etc. are mentioned. As for the 
addition, a 2wt% less or equal, especially less than [ 1wt% ] are desirable. A dielectric constant 
will become small if this is exceeded. 

[0031] Especially the diameter of an average grain of PZ has desirable 2-10 micrometers 1-20 
micrometers. When the diameter of an average grain is larger than this, there is an inclination for 
intensity to become low. If smaller than this, it will be hard coming to form a green sheet. 
[0032] Next, the manufacture method of a capacity substrate is explained. 

[0033] Oxides, such as a lead oxide and a zirconium oxide, are used for a raw material, weighing 
capacity of these powder is carried out, and it grinds for 10 to 24 hours using a ball mill etc. You 
may use for a raw material the compound which may change to an oxide by baking, for example, 
a carbonate, a hydroxide, an oxalate, a nitrate, etc. The mean particle diameter of a raw material 
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has desirable about 0.5-10 micrometers. 

[0034] And temporary quenching is carried out at 900-1 100 degrees C for 1 to 2 hours. 

[0035] this temporary-quenching powder — desirable — PVA (polyvinyl alcohol) solution etc. — 

1 - 10wt% — it adds and corns 5 - 12wt% of the concentration of the solution to add is desirable. 

[0036] This granulatio is pressed by about two 1 t/cm, and it calcinates at 1200-1350 degrees C 
for 1 to 3 hours, putting into a bowl like this and suppressing leaden evapotranspiration. 
[0037] This baking object is ground even in thickness predetermined by mechanical polishing etc., 
an external electrode is preferably printed and burned with a silver paste, and a capacity 
substrate is obtained. Or you may carry out simultaneous baking with a silver paste by the thick- 
film method. 

[0038] Next, the manufacture method of the magnetic rotation child of this invention is 

[0039] The oxide magnetic material of 3(FeYM1-Y)5+ZOi 2 is used for a magnetic rotation child 
(YXR1-X). 

[0040] A magnetic rotation child uses metallic oxides, such as a yttrium oxide and an iron oxide, 
for a raw material, does weighing capacity of these powder, and mixes. You may use for a raw 
material the compound which may change to an oxide by baking, for example, a carbonate, a 
hydroxide, an oxalate, a nitrate, etc. The mean particle diameter of a raw material has desirable 
about 0.5-10 micrometers. 

[0041] And temporary quenching of this end of mixed powder is carried out at 1 100-1300 
degrees C for 1 to 3 hours. 

[0042] A ball mill etc. grinds this temporary-quenching powder, and it is made desirable about 1- 
10 micrometers of mean particle diameters. 

[0043] Next, a vehicle is added to this temporary-quenching powder, and a magnetic-substance 
slurry is produced. 

[0044] As a vehicle, solvents, such as binders, such as an acrylic organic binder, an ethyl 
cellulose, a polyvinyl butyral, methacrylic resin, and butyl methacrylate, isopropyl alcohol, toluene, 
a methyl ethyl ketone, a terpineol, a butyl carbitol, butyl carbitol acetate, acetate, alcohol, and a 
xylene, other various dispersants, an activator, a plasticizer, etc. are mentioned, and arbitrary 
things are suitably chosen according to the purpose among these. As for the addition of a 
vehicle, it is desirable to consider as about 30-45wt% to an oxide. 

[0045] Moreover, you may add silver in a magnetic-substance slurry. As for the content of the 
silver in the magnetic substance, it is further especially desirable a 10wt% less or equal especially 
less than [ 5wt% ] and also less than [ 3wt% ], and that it is less than [ 1wt% ]. It is desirable to 
perform silver addition by being granular. In addition, silver usually exists in a grain boundary after 
baking. 

[0046] By the doctor blade method etc., this magnetic-substance slurry is fabricated to a green 
sheet. 

[0047] Next, conductive paste is explained. 

[0048] What mixed the metal which makes silver a principal component and dissolves to silver 
besides a silver simple substance at silver, such as copper, gold, palladium, and platinum, is 
sufficient as an electrical conducting material. When adding which metal, the content of the silver 
in an electrical conducting material carries out to more than 70 mol %. The reason is that the 
resistivity of an alloy will increase compared with silver resistivity if the amount of mixture 
exceeds 30-mol %. Still more preferably, in order to suppress the increase in a manufacturing 
cost, as for the amount of mixtures, it is desirable to consider as less than [ 5 mol % ] (for a 
silver content to be more than 95 mol %). 

[0049] As a metallic oxide, Ga oxide (Ga 203), La oxide (La 203), Pr oxide (Pr 601 1), Sm oxide 
(Sm 203), Eu oxide (Eu 203), Any one or more sorts of Gd oxide (Gd 203), Dy oxide (Dy 203), 
Er oxide (Er 203), Tm oxide (Tm 203), and the Yb oxide (Yb 203) are chosen. The reason is 
these metallic oxides react with a ceramic element assembly, and spread in an element assembly. 
At this time, sufficient reactional phase for an interface is not generated as the content to the 
electrical-conducting-material 100 weight section of a metallic oxide is under the 0.1 weight 
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section, but silver wettability becomes bad. moreover — if 20 weight sections are exceeded — a 
metallic oxide — being spread — it cannot cut — becoming — an inner conductor — a metallic 
oxide — remaining — a conductor — resistance becomes large For this reason, as for the 
content of a metallic oxide, it is desirable that it is 0.1 - 20 weight section to the electrical- 
conducting-material 100 weight section. Although especially the particle size of an electrical 
conducting material is not limited, when forming a conductor with screen printing, it is desirable 
to set a mean particle diameter to 0.1-20 micrometers. Moreover, it is desirable to also set the 
mean particle diameter of a metallic oxide to 0.1-20 micrometers by the same reason. 
[0050] As a vehicle, organic solvents, such as binders, such as an ethyl cellulose, a 
nitrocellulose, and an acrylic resin, a terpineol, a butyl carbitol, and a hexyl carbitol, other 
dispersants, an activator, etc. are added suitably if needed, in addition, this conductor — as for 
the vehicle content of a paste, it is desirable to consider as 5 - 70 % of the weight moreover, a 
conductor — as for the viscosity of a paste, it is good to adjust to a 300-30000cps (centipoise) 
grade 

[0051] the magnetic rotation child of this invention — the green sheet of the magnetic 
substance — a conductor — a paste is formed by print processes etc. and it is obtained 
moreover — for example, the magnetic rotation child who did thermocompression bonding and 
whom formed the central conductor pattern by the carbon paste etc., and did the laminating, and 
the hole opened to the configuration of an electrode pattern — obtaining — a conductor — a 
paste is preferably pressed fit with a hydrostatic-pressure press, and it is obtained 
[0052] A circulator is concretely mentioned and explained among the non-reciprocal circuit 
elements of this invention. The desirable circulator to which this invention is applied is illustrated 
by USs 08/219,917 (USP 5,450,045). This circulator has a magnetic rotation child. Two or more 
terminal electrodes which a magnetic rotation child has an inner conductor, have the insulating 
magnetic substance calcinated in one so that this inner conductor may be surrounded in this 
inner conductor and close state, and were further connected to the end of an inner conductor 
electrically, In order to resonate the RF impressed, it has two or more aforementioned capacity 
substrates combined with the terminal electrode, respectively, and a permanent magnet for 
excitation for impressing a direct-current magnetic field to a magnetic rotation child. In the 
circulator of this composition, since discontinuity does not exist in the magnetic substance and it 
becomes the closed loop by which RF magnetic flux continues in a magnetic rotation child, an 
anti-magnetic field does not occur. For this reason, miniaturization, wide-band-izing, and low 
loss-ization can be attained and low-pricing is also possible. 

[0053] It is drawing where the decomposition perspective diagram in which it is the fracture 
perspective diagram in part, and drawing 4 shows the composition of this whole circulator and 
drawing 5 which show roughly the composition of the magnetic rotation child of 3 terminal 
circulator whose drawing 3 is an example of the above-mentioned circulator explain the 
representative circuit schematic of this circulator, and drawing 6 explains a part of manufacturing 
process of the magnetic rotation child of this circulator. 

[0054] Since this circulator is 3 terminal type so that it may be illustrated, the magnetic rotation 
child 20 is formed so that a flat-surface configuration may serve as a right hexagon. However, as 
long as it is the structure where equal rotating magnetic field can be generated, a flat-surface 
configuration may not necessarily be a right hexagon, but may be hexagons other than a right 
hexagon, and other polygons. When circuit elements, such as a capacitor for resonance, are 
made the side external by making a magnetic rotation child's flat-surface configuration into a 
polygon in this way, a vacant space can be used effectively and it becomes possible to keep the 
whole size small. 

[0055] In drawing 3 , 10 shows the magnetic layer calcinated in one, is enclosed by this magnetic 
layer 10, and the inner conductor (central conductor) 1 1 of a predetermined pattern is formed. 
The inner conductor 1 1 has composition by which the laminating was carried out to two-layer in 
this example of composition, and the coil pattern of the strip elongated by 2 sets [ 1 ], 
respectively in the three radiation directions (the radiation direction perpendicular to at least one 
side of a hexagon) is prepared in each class, the coil pattern of the strip elongated in the same 
direction on both layers — a veer hole — it connects electrically mutually through the 



http:/ / www4.ipdl jpo.go.jp/cgi-bin/tran_web_cgLeije 



03/10/08 



7/16 ^— v 



conductor This uses the magnetic layer also as an insulator. The end of each coil pattern is 
electrically connected to the terminal electrode 12 prepared in the side in every other one of a 
magnetic layer 10. each side in which the terminal electrode 12 of a magnetic layer 10 is not 
formed in the upper surface and the inferior—surface-of-tongue row of a magnetic layer 10 — 
grounding — the conductor (grand electrode) 13 is formed the other end of each coil pattern — 
grounding of each side — it connects with the conductor 13 electrically 
[0056] As the whole circulator, as shown in drawing 4 , the capacitors 21a, 21b, and 21c for 
resonance are electrically connected to three terminal electrodes (12) of the magnetic rotation 
child 20. It is desirable to use a RF capacitor, for example, the high penetration type RF 
capacitor of a self-resonant frequency which is indicated by JP,5-251 262.A which these people 
already propose and is exhibited etc., as these capacitors, this RF capacitor — grounding — a 
conductor, a dielectric, an inner conductor, and the multilayer object of one unit which becomes 
in piles in the sequence of a dielectric — at least — 1 unit pile — a ** top — further — 
grounding — it consists of multilayer TORIPU rate strip-line structure where the conductor and 
the dielectric were piled up in this sequence The fall of Q value can be prevented by using the 
large capacitor of such a penetrated type frequency-of-operation range. In addition, the 
connection mode of a terminal electrode and a capacitor is as being shown in the representative 
circuit schematic of drawing 5 . 

[0057] The permanent magnets 22 and 23 (refer to drawing 4 ) for excitation for impressing the 
direct-current magnetic field 14 (referring to drawing 3 ) to this magnetic rotation child 20 are 
attached in the magnetic rotation child's 20 upper and lower sides, respectively. 
[0058] Next, the manufacturing process of the circulator of such composition is explained. 
[0059] As shown in drawin g 6 A, the up sheet 40 by the same insulating magnetic-substance 
material, the middle sheet 41, and the lower sheet 42 are prepared. Usually, the thickness of the 
up sheet 40 and the lower sheet 42 is about 0.3-1 mm, carries out two or more sheet laminating 
of the sheet with a thickness of about (preferably 1 60 micrometers) 1 00-200 micrometers, and 
uses it. The thickness of the middle sheet 41 is about 30-200 micrometers, and is about 160 
micrometers preferably. 

[0060] The veer holes 43a, 43b, and 43c which penetrate this sheet are formed in the 
predetermined position of the middle sheet 41. a little larger veer hole in each veer hole position 
than the diameter — a conductor is formed of printing or an imprint a veer hole — although the 
thing same as a conductor as the electrical conducting material used for an inner conductor may 
be used, a twist may also use material with the high melting point for it 

[0061] The lower inner conductors 45a, 45b, and 45c are formed in the upper surface of the 
middle sheet 41 and the lower sheet 42 of printing or an imprint of an inner conductor paste at 
the up inner conductors 44a and 44b and 44c row by 3 sets of coil patterns which consist of two 
strip patterns which each class avoids a veer hole portion in the same radiation direction (the 
radiation direction perpendicular to at least one side of a hexagon), and elongates in it, 
respectively, thus, warming after piling up the up sheet 40, the middle sheet 41, and the lower 
sheet 42 which were formed one by one — a stack is carried out at a pressurization process A 
coil pattern symmetrical with 3 times will be arranged by this at front reverse side both sides of 
the middle sheet 41, and the propagation property between the terminals of 3 terminal circulator 
is mutually made in agreement from the symmetric property. 

[0062] Thus, the up sheet 40, the middle sheet 41, and the lower sheet 42 by which the stack 
was carried out as shown in drawing 6 B are calcinated at the temperature of under the boiling 
point beyond the melting point of the aforementioned electrical conducting material. Baking may 
be 1 time and may be performed two or more times. In the case of multiple times, it considers as 
baking beyond the melting point once [ at least ]. The magnetic substance which constitutes the 
up sheet 40, the middle sheet 41, and the lower sheet 42 will be in the successive state, and is 
united with this baking. 

[0063] In addition, at drawing 6 A and drawin g 6 B, although the up sheet 40, the middle sheet 41, 
and the lower sheet 42 are already explained as a right hexagon-like thing, in order to calcinate 
at the temperature beyond the melting point of an electrical conducting material, by melting, an 
electrical conducting material flows out and bends and cuts after baking like by this invention. 
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[0064] the above baking process — the end of the up inner conductors 44a, 44b, and 44c, and 
the end of the lower inner conductors 45a, 45b, and 45c — the veer holes 43a and 43b and the 
veer hole in 43c — it will connect electrically through a conductor, respectively 
[0065] After baking and cutting, each magnetic rotation child is exposed by the inner conductor 
which barrel finishing is carried out and appears in the side, and beveling of the corner of a 
sintered compact is performed, then, each side in which are not formed the terminal electrode 46 
in a magnetic rotation child's side in every other one, and a magnetic rotation child's terminal 
electrode 46 is not formed in the upper surface and an undersurface row as shown in drawing 6 
C — grounding — a conductor 47 is printed and formed the other end which the other end 
exposed to the magnetic rotation child side of the up inner conductors 44a, 44b, and 44c will be 
electrically connected by this to each terminal electrode (46), and has been exposed to the 
magnetic rotation child side of the lower inner conductors 45a, 45b, and 45c — grounding of 
each side — it will connect with a conductor (47) electrically And as shown in drawing 4 , the 
capacitors 21a, 21b, and 21c for resonance are attached to each terminal electrode (46) of this 
magnetic rotation child, and it solders to it by the reflow method etc. Then, metal housing which 
makes the permanent magnet for excitation and the magnetic yoke for impressing a direct- 
current magnetic field serve a double purpose is attached, and a circulator is completed. 
[0066] Although the above-mentioned example of composition is related with a three terminal 
type circulator, this invention is applicable also about the circulator which has the terminal of the 
number beyond it. Furthermore, it is applicable also to a distributed constant type circulator in 
which the impedance converter for a magnetic rotation child and a capacity circuit being unified 
besides the concentrated-constant type circulator mentioned above, and extending the 
frequency-of-operation range in a terminal circuit is included. Moreover, non-reciprocal circuit 
elements, such as an isolator, are also easily producible by developing such a circulator. 
[0067] 

[Example] Hereafter, the concrete example of this invention is explained. 
[0068] Ball mill trituration of the zirconium oxide (Zr02) of the lead oxide (PbO) of 8.57 
micrometers of production mean particle diameters of a <example 1> 1.PbZr03 capacity 
substrate and 1.94 micrometers of mean particle diameters was carried out at a rate of 1:1 by 
the mole ratio for 12 hours, and temporary quenching was carried out at 1000 degrees C for 2 
hours, and the obtained temporary-quenching powder (2.10 micrometers of mean particle 
diameters) — 10wt%PVA (polyvinyl alcohol) solution — 5wt(s)% — it added and corned This 
granulatio was pressed by 1 t/cm2, and it calcinated at 1 300 degrees C for 2 hours, having put 
into the bowl like this and suppressing leaden evapotranspiration. The mean particle diameter of 
the powder after baking was 3.47 micrometers of mean particle diameters. The baking object was 
ground to the thickness of 300 micrometers by mechanical polishing, and printed and burned the 
external electrode with a silver paste. 

[0069] 2. The aluminum oxide (aluminum 203) of 1.10 micrometers of mean particle diameters 
was mixed with the yttrium oxide (Y203) of 4.38 micrometers of a magnetic rotation child's 
(YIG1) production mean particle diameters, and the iron oxide (Fe 203) of 1.69 micrometers of 
mean particle diameters at a rate of 6:9:1 by the mole ratio, and temporary quenching was 
carried out at 1 200 degrees C for 2 hours. And the ball mill ground the obtained temporary- 
quenching powder, temporary-quenching powder (2.16 micrometers of mean particle diameters) - 
- an acrylic organic binder — the partially aromatic solvent of 24wt(s)%, isopropyl alcohol, 
toluene, and a methyl ethyl ketone — 13wt(s)% — it added and the magnetic-substance slurry 
was produced The obtained slurry was fabricated in the doctor blade method to the green sheet. 
[0070] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The carbon paste was used for the printing paste. Thermocompression bonding 
of the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 1430 degrees C. The mean 
particle diameter of YIG after baking was 3.85 micrometers. At this time, the magnetic rotation 
child whom disassembled carbon and the hole opened to the configuration of an electrode 
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pattern was obtained. 

[0071] the conductor which becomes this from 100% of silver — the paste was pressed fit with a 
hydrostatic-pressure press And the magnetic rotation child by whom the silver electrode was 
formed in the interior was obtained by printing this at 900 degrees C. 

[0072] Next, the grand electrode was formed by printing a silver paste on the vertical side of a 
baking object. Furthermore, the electrode which connects each terminal electrode and an up- 
and-down grand electrode with the baking object side was formed by printing a silver paste. 
[0073] The magnetic rotation child with whom the magnetic substance and the central conductor 
were united by this was obtained. 

[0074] 3. The non-reciprocal circuit element was obtained by assembling the magnetic rotation 
child (YIG1) and PbZr03 capacity substrate which were obtained by carrying out like an 
assembly lever, the external magnet (thickness of 0.4mm) which considers Sm2Co17 as the main 
composition, and a yoke by arrangement of drawing 1 . 

[0075] The RF property was measured with the network analyzer, placed the sample into the 
thermostat and measured the temperature characteristic. The temperature characteristic of the 
isolator measured to Table 2 is shown. In addition, the temperature coefficient of resonance 
frequency asked for the temperature coefficient of -35 degrees C - 25 degrees C, and the 
temperature coefficient of 25 degrees C - 85 degrees C, among those showed the worse one in 



Table 2. 
[0076] 
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[0077] Ball mill trituration of the zirconium oxide (Zr02) of the lead oxide (PbO) of 8.57 
micrometers of production mean particle diameters of a <example 2> 1.PbZr03 capacity 
substrate and 1.94 micrometers of mean particle diameters was carried out at a rate of 1:1 by 
the mole ratio for 12 hours, and temporary quenching was carried out at 1000 degrees C for 2 
hours, and the obtained temporary-quenching powder (2.10 micrometers of mean particle 
diameters) — 10wt%PVA (polyvinyl alcohol) solution — 5wt(s)% — it added and corned This 
granulatio was pressed by 1 t/cm2, and it calcinated at 1300 degrees C for 2 hours, having put 
into the bowl like this and suppressing leaden evapotranspiration. The mean particle diameter of 
the powder after baking was 3.47 micrometers of mean particle diameters. The baking object was 
ground to the thickness of 300 micrometers by mechanical polishing, and printed and burned the 
external electrode with a silver paste. 

[0078] 2. The calcium carbonate (CaC03) of 2.04 micrometers of mean particle diameters was 
mixed with the yttrium oxide (Y203) of 4.38 micrometers of a magnetic rotation child's (YIG2) 
production mean particle diameters, the iron oxide (Fe 203) of 1 .69 micrometers of mean particle 
diameters, and the vanadium oxide (V205) of 1 .75 micrometers of mean particle diameters at a 
rate of 1 1:23:2:8 by the mole ratio, and temporary quenching was carried out at 1 100 degrees C 
for 2 hours. And the ball mill ground the obtained temporary-quenching powder, temporary- 
quenching powder (1.97 micrometers of mean particle diameters) — an acrylic organic binder — 
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the partially aromatic solvent of 24wt(s)%, isopropyl alcohol, toluene, and a methyl ethyl ketone - 

- 13wt(s)% — it added and the magnetic-substance slurry was produced The obtained slurry was 
fabricated in the doctor blade method to the green sheet. 

[0079] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The carbon paste was used for the printing paste. Thermocompression bonding 
of the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 1 300 degrees C. The mean 
particle diameter of YIG after baking was 8.19 micrometers. At this time, the magnetic rotation 
child whom disassembled carbon and the hole opened to the configuration of an electrode 
pattern was obtained. 

[0080] the conductor which becomes this from 100% of silver — the paste was pressed fit with a 
hydrostatic-pressure press And the magnetic rotation child by whom the silver electrode was 
formed in the interior was obtained by printing this at 900 degrees C. 

[0081] Next, the grand electrode was formed by printing a silver paste on the vertical side of a 
baking object. Furthermore, the electrode which connects each terminal electrode and an up- 
and-down grand electrode with the baking object side was formed by printing a silver paste. 
[0082] The magnetic rotation child with whom the magnetic substance and the central conductor 
were united by this was obtained. 

[0083] 3. The non-reciprocal circuit element was obtained by assembling the magnetic rotation 
child (YIG2) and PbZr03 capacity substrate which were obtained by carrying out like an 
assembly lever, the external magnet (thickness of 0.4mm) which considers Sm2Co17 as the main 
composition, and a yoke by arrangement of drawing 1 . 

[0084] The RF property was measured with the network analyzer, placed the sample into the 
thermostat and measured the temperature characteristic. The temperature characteristic of the 
isolator measured to Table 2 is shown. 

[0085] Ball mill pulverization of the zirconium oxide (Zr02) of the lead oxide (PbO) of 8.57 
micrometers of production mean particle diameters of a <example 3> 1.PbZr03 capacity 
substrate and 1.94 micrometers of mean particle diameters was carried out at a rate of 1:1 by 
the mole ratio for 12 hours, and temporary quenching was carried out at 1000 degrees C for 2 
hours, and the obtained temporary-quenching powder (2.10 micrometers of mean particle 
diameters) — 10wt%PVA (polyvinyl alcohol) solution — 5wt(s)% — it added and corned This 
granulatio was pressed by 1 t/cm2, and it calcinated at 1300 degrees C for 2 hours, having put 
into the bowl like this and suppressing leaden evapotranspiration. The mean particle diameter of 
the powder after baking was 3.47 micrometers of mean particle diameters. The baking object was 
ground to the thickness of 300 micrometers by mechanical polishing, and printed and burned the 
external electrode with a silver paste. 

[0086] 2. The aluminum oxide (aluminum 203) of 1.10 micrometers of mean particle diameters 
was mixed with the yttrium oxide (Y203) of 4.38 micrometers of a magnetic rotation child's 
(YIG1) production mean particle diameters, and the iron oxide (Fe 203) of 1.69 micrometers of 
mean particle diameters at a rate of 6:9:1 by the mole ratio, and temporary quenching was 
carried out at 1200 degrees C for 2 hours. And the ball mill ground the obtained temporary- 
quenching powder, temporary-quenching powder (2.16 micrometers of mean particle diameters) - 

- an acrylic organic binder — the partially aromatic solvent of 24wt(s)%, isopropyl alcohol, 
toluene, and a methyl ethyl ketone — 13wt(s)% — it added and the magnetic-substance slurry 
was produced The obtained slurry was fabricated in the doctor blade method to the green sheet. 
[0087] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The carbon paste was used for the printing paste. Thermocompression bonding 
of the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 1430 degrees C. The mean 
particle diameter of YIG after baking was 3.85 micrometers. At this time, the magnetic rotation 
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child whom disassembled carbon and the hole opened to the configuration of an electrode 
pattern was obtained. 

[0088] the conductor which becomes this from 100% of silver — the paste was pressed fit with a 
hydrostatic-pressure press And the magnetic rotation child by whom the silver electrode was 
formed in the interior was obtained by printing this at 900 degrees C. 

[0089] Next, the grand electrode was formed by printing a silver paste on the vertical side of a 
baking object. Furthermore, the electrode which connects each terminal electrode and an up- 
and-down grand electrode with the baking object side was formed by printing a silver paste. 
[0090] The magnetic rotation child with whom the magnetic substance and the central conductor 
were united by this was obtained. 

[0091] 3. The non-reciprocal circuit element was obtained by assembling the magnetic rotation 
child (YIG1) and PbZr03 capacity substrate which were obtained by carrying out like an 
assembly lever, the external magnet (thickness of 0.4mm) which considers Nd2Fe14B as the 
main composition, and a yoke by arrangement of drawing 1 . 

[0092] The RF property was measured with the network analyzer, placed the sample into the 
thermostat and measured the temperature characteristic. The temperature characteristic of the 
isolator measured to Table 2 is shown. 

[0093] The aluminum oxide (aluminum 203) of 1.10 micrometers of mean particle diameters was 
mixed with strontium glass of 1.90 micrometers of production mean particle diameters of a 
<example 1 of comparison> 1. crystallized-glass capacity substrate, and titanium oxide (Ti02) of 
2.38 micrometers of mean particle diameters at a rate of 14:3:3 by the weight ratio, and this end 
of mixed powder — an acrylic organic binder — the partially aromatic solvent of 24wt(s)%, 
isopropyl alcohol, toluene, and a methyl ethyl ketone — 13wt(s)% — it added and the dielectric 
slurry was produced The obtained slurry was fabricated in the doctor blade method to the green 
sheet. 

[0094] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The silver paste was used for the printing paste. Thermocompression bonding of 
the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 900 degrees C. 
[0095] Next, the external electrode was formed by printing a silver paste on the vertical side of a 
baking object. 

[0096] The capacity substrate with which the dielectric and the central conductor were united 
by this was obtained. 

[0097] 2. The aluminum oxide (aluminum 203) of 1.10 micrometers of mean particle diameters 
was mixed with the yttrium oxide (Y203) of 4.38 micrometers of a magnetic rotation child's 
(YIG1) production mean particle diameters, and the iron oxide (Fe 203) of 1.69 micrometers of 
mean particle diameters at a rate of 6:9:1 by the mole ratio, and temporary quenching was 
carried out at 1 200 degrees C for 2 hours. And the ball mill ground the obtained temporary- 
quenching powder, temporary-quenching powder (2.16 micrometers of mean particle diameters) - 
- an acrylic organic binder — the partially aromatic solvent of 24wt(s)%, isopropyl alcohol, 
toluene, and a methyl ethyl ketone — 13wt(s)% — it added and the magnetic-substance slurry 
was produced The obtained slurry was fabricated in the doctor blade method to the green sheet. 
[0098] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The carbon paste was used for the printing paste. Thermocompression bonding 
of the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 1430 degrees C. The mean 
particle diameter of YIG after baking was 3.85 micrometers. At this time, the magnetic rotation 
child whom disassembled carbon and the hole opened to the configuration of an electrode 
pattern was obtained. 

[0099] the conductor which becomes this from 100% of silver — the paste was pressed fit with a 
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hydrostatic-pressure press And the magnetic rotation child by whom the silver electrode was 
formed in the interior was obtained by printing this at 900 degrees C. 

[0100] Next, the grand electrode was formed by printing a silver paste on the vertical side of a 
baking object. Furthermore, the electrode which connects each terminal electrode and an up- 
and-down grand electrode with the baking object side was formed by printing a silver paste. 
[0101] The magnetic rotation child with whom the magnetic substance and the central conductor 
were united by this was obtained. 

[0102] 3. The non-reciprocal circuit element was obtained by assembling the magnetic rotation 
child (YIG1) and crystallized-glass capacity substrate which were obtained by carrying out like an 
assembly lever, the external magnet (thickness of 0.4mm) which considers Sm2Co17 as the main 
composition, and a yoke by arrangement of drawing 1 . 

[0103] The RF property was measured with the network analyzer, placed the sample into the 
thermostat and measured the temperature characteristic. The temperature characteristic of the 
isolator measured to Table 2 is shown. 

[0104] The aluminum oxide (aluminum 203) of 1.10 micrometers of mean particle diameters was 
mixed with strontium glass of 1 .90 micrometers of production mean particle diameters of a 
<example 2 of comparison> 1. crystallized-glass capacity substrate, and titanium oxide (Ti02) of 
2.38 micrometers of mean particle diameters at a rate of 14:3:3 by the weight ratio, and this end 
of mixed powder — an acrylic organic binder — the partially aromatic solvent of 24wt(s)%, 
isopropyl alcohol, toluene, and a methyl ethyl ketone — 13wt(s)% — it added and the dielectric 
slurry was produced The obtained slurry was fabricated in the doctor blade method to the green 
sheet. 

[0105] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The silver paste was used for the printing paste. Thermocompression bonding of 
the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 900 degrees C. 
[0106] Next, the external electrode was formed by printing a silver paste on the vertical side of a 
baking object. 

[0107] The capacity substrate with which the dielectric and the central conductor were united 
by this was obtained. 

[0108] 2. The aluminum oxide (aluminum 203) of 1.10 micrometers of mean particle diameters 
was mixed with the yttrium oxide (Y203) of 4.38 micrometers of a magnetic rotation child's 
(YIG1) production mean particle diameters, and the iron oxide (Fe 203) of 1.69 micrometers of 
mean particle diameters at a rate of 6:9:1 by the mole ratio, and temporary quenching was 
carried out at 1200 degrees C for 2 hours. And the ball mill ground the obtained temporary- 
quenching powder, temporary-quenching powder (2.16 micrometers of mean particle diameters) - 
- an acrylic organic binder — the partially aromatic solvent of 24wt(s)%, isopropyl alcohol, 
toluene, and a methyl ethyl ketone — 13wt(s)% — it added and the magnetic-substance slurry 
was produced The obtained slurry was fabricated in the doctor blade method to the green sheet. 
[0109] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The carbon paste was used for the printing paste. Thermocompression bonding 
of the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 1430 degrees C. The mean 
particle diameter of YIG after baking was 3.85 micrometers. At this time, the magnetic rotation 
child whom disassembled carbon and the hole opened to the configuration of an electrode 
pattern was obtained. 

[01 10] the conductor which becomes this from 100% of silver — the paste was pressed fit with a 
hydrostatic-pressure press And the magnetic rotation child by whom the silver electrode was 
formed in the interior was obtained by printing this at 900 degrees C. 

[01 1 1] Next, the grand electrode was formed by printing a silver paste on the vertical side of a 
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baking object. Furthermore, the electrode which connects each terminal electrode and an up- 
and-down grand electrode with the baking object side was formed by printing a silver paste. 
[0112] The magnetic rotation child with whom the magnetic substance and the central conductor 
were united by this was obtained. 

[0113] 3. The non-reciprocal circuit element was obtained by assembling the magnetic rotation 
child (YIG1) and crystallized-glass capacity substrate which were obtained by carrying out like an 
assembly lever, the external magnet (thickness of 0.8mm) of the magnet made from a ferrite, and 
a yoke by arrangement of drawing 1 . 

[0114] The RF property was measured with the network analyzer, placed the sample into the 
thermostat and measured the temperature characteristic. The temperature characteristic of the 
isolator measured to Table 2 is shown. 

[0115] Ball mill pulverization of the barium carbonate (BaC03) of 1.39 micrometers of production 
mean particle diameters of a <example 3 of comparison> 1.Ba-Nd-Ti capacity substrate, 
oxidization neodium (Nd 203) of 3.04 micrometers of mean particle diameters, and the titanium 
oxide (Ti02) of 2.38 micrometers of mean particle diameters was carried out at a rate of 1:1:5 by 
the mole ratio for 12 hours, and temporary quenching was carried out at 1200 degrees C for 2 
hours, and the obtained temporary-quenching powder (2.80 micrometers of mean particle 
diameters) — 10wt%PVA (polyvinyl alcohol) solution — 5wt(s)% — it added and corned This 
granulatio was pressed by 1 t/cm2, and was calcinated at 1320 degrees C for 2 hours. The mean 
particle diameter of the powder after baking was 3.50 micrometers of mean particle diameters. 
The baking object was ground to the thickness of 300 micrometers by mechanical polishing, and 
printed and burned the external electrode with a silver paste. 

[01 16] 2. The calcium carbonate (CaC03) of 2.04 micrometers of mean particle diameters was 
mixed with the yttrium oxide (Y203) of 4.38 micrometers of a magnetic rotation child's (YIG2) 
production mean particle diameters, the iron oxide (Fe 203) of 1.69 micrometers of mean particle 
diameters, and the vanadium oxide (V205) of 1.75 micrometers of mean particle diameters at a 
rate of 1 1:23:2:8 by the mole ratio, and temporary quenching was carried out at 1 100 degrees C 
for 2 hours. And the ball mill ground the obtained temporary-quenching powder, temporary- 
quenching powder (1.97 micrometers of mean particle diameters) — an acrylic organic binder — 
the partially aromatic solvent of 24wt(s)%, isopropyl alcohol, toluene, and a methyl ethyl ketone - 
- 13wt(s)% — it added and the magnetic-substance slurry was produced The obtained slurry was 
fabricated in the doctor blade method to the green sheet. 

[01 17] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The carbon paste was used for the printing paste. Thermocompression bonding 
of the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 1300 degrees C. The mean 
particle diameter of YIG after baking was 8.19 micrometers. At this time, the magnetic rotation 
child whom disassembled carbon and the hole opened to the configuration of an electrode 
pattern was obtained. 

[01 18] the conductor which becomes this from 100% of silver — the paste was pressed fit with a 
hydrostatic-pressure press And the magnetic rotation child by whom the silver electrode was 
formed in the interior was obtained by printing this at 900 degrees C. 

[01 19] Next, the grand electrode was formed by printing a silver paste on the vertical side of a 
baking object. Furthermore, the electrode which connects each terminal electrode and an up- 
and-down grand electrode with the baking object side was formed by printing a silver paste. 
[0120] The magnetic rotation child with whom the magnetic substance and the central conductor 
were united by this was obtained. 

[0121] 3. The non-reciprocal circuit element was obtained by assembling the magnetic rotation 
child (YIG2) and Ba-Nd-Ti capacity substrate which were obtained by carrying out like an 
assembly lever, the external magnet (thickness of 0.4mm) which considers Sm2Co17 as the main 
composition, and a yoke by arrangement of drawing 1 . 

[0122] The RF property was measured with the network analyzer, placed the sample into the 
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thermostat and measured the temperature characteristic. The temperature characteristic of the 
isolator measured to Table 2 is shown. 

[0123] Ball mill pulverization of the barium carbonate (BaC03) of 1.39 micrometers of production 
mean particle diameters of a <example 4 of comparison> 1 .Ba-Nd-Ti capacity substrate, 
oxidization neodium (Nd 203) of 3.04 micrometers of mean particle diameters, and the titanium 
oxide (Ti02) of 2.38 micrometers of mean particle diameters was carried out at a rate of 1:1:5 by 
the mole ratio for 12 hours, and temporary quenching was carried out at 1200 degrees C for 2 
hours, and the obtained temporary-quenching powder (2.80 micrometers of mean particle 
diameters) — 10wt%PVA (polyvinyl alcohol) solution — 5wt(s)% — it added and corned This 
granulatio was pressed by 1 t/cm2, and was calcinated at 1320 degrees C for 2 hours. The mean 
particle diameter of the powder after baking was 3.50 micrometers of mean particle diameters. 
The baking object was ground to the thickness of 300 micrometers by mechanical polishing, and 
printed and burned the external electrode with a silver paste. 

[0124] 2. The aluminum oxide (aluminum 203) of 1.10 micrometers of mean particle diameters 
was mixed with the yttrium oxide (Y203) of 4.38 micrometers of a magnetic rotation child's 
(YIG1) production mean particle diameters, and the iron oxide (Fe 203) of 1.69 micrometers of 
mean particle diameters at a rate of 6:9:1 by the mole ratio, and temporary quenching was 
carried out at 1200 degrees C for 2 hours. And the ball mill ground the obtained temporary- 
quenching powder, temporary-quenching powder (2.16 micrometers of mean particle diameters) - 
- an acrylic organic binder — the partially aromatic solvent of 24wt(s)%, isopropyl alcohol, 
toluene, and a methyl ethyl ketone — 13wt(s)% — it added and the magnetic-substance slurry 
was produced The obtained slurry was fabricated in the doctor blade method to the green sheet. 
[0125] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The carbon paste was used for the printing paste. Thermocompression bonding 
of the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 1430 degrees C. The mean 
particle diameter of YIG after baking was 3.85 micrometers. At this time, the magnetic rotation 
child whom disassembled carbon and the hole opened to the configuration of an electrode 
pattern was obtained. 

[0126] the conductor which becomes this from 100% of silver — the paste was pressed fit with a 
hydrostatic-pressure press And the magnetic rotation child by whom the silver electrode was 
formed in the interior was obtained by printing this at 900 degrees C. 

[0127] Next, the grand electrode was formed by printing a silver paste on the vertical side of a 
baking object. Furthermore, the electrode which connects each terminal electrode and an up- 
and-down grand electrode with the baking object side was formed by printing a silver paste. 
[0128] The magnetic rotation child with whom the magnetic substance and the central conductor 
were united by this was obtained. 

[0129] 3. The non-reciprocal circuit element was obtained by assembling the magnetic rotation 
child (YIG1) and Ba-Nd-Ti capacity substrate which were obtained by carrying out like an 
assembly lever, the external magnet (thickness of 0.4mm) which considers Nd2Fe14B as the 
main composition, and a yoke by arrangement of drawing 1 . 

[0130] The RF property was measured with the network analyzer, placed the sample into the 
thermostat and measured the temperature characteristic. The temperature characteristic of the 
isolator measured to Table 2 is shown. 

[0131] The aluminum oxide (aluminum 203) of 1.10 micrometers of mean particle diameters was 
mixed with strontium glass of 1.90 micrometers of production mean particle diameters of a 
<example 5 of comparison> 1. crystallized-glass capacity substrate, and titanium oxide (Ti02) of 
2.38 micrometers of mean particle diameters at a rate of 14:3:3 by the weight ratio, and this end 
of mixed powder — an acrylic organic binder — the partially aromatic solvent of 24wt(s)%, 
isopropyl alcohol, toluene, and a methyl ethyl ketone — 13wt(s)% — it added and the dielectric 
slurry was produced The obtained slurry was fabricated in the doctor blade method to the green 
sheet. 
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[0132] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The silver paste was used for the printing paste. Thermocompression bonding of 
the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 900 degrees C. 
[0133] Next, the external electrode was formed by printing a silver paste on the vertical side of a 
baking object. 

[0134] The capacity substrate with which the dielectric and the central conductor were united 
by this was obtained. 

[0135] 2. The calcium carbonate (CaC03) of 2.04 micrometers of mean particle diameters was 
mixed with the yttrium oxide (Y2Q3) of 4.38 micrometers of a magnetic rotation child's (YIG2) 
production mean particle diameters, the iron oxide (Fe 203) of 1.69 micrometers of mean particle 
diameters, and the vanadium oxide (V205) of 1 .75 micrometers of mean particle diameters at a 
rate of 1 1 :23:2:8 by the mole ratio, and temporary quenching was carried out at 1 1 00 degrees C 
for 2 hours. And the ball mill ground the obtained temporary-quenching powder, temporary- 
quenching powder (1.97 micrometers of mean particle diameters) — an acrylic organic binder — 
the partially aromatic solvent of 24wt(s)%, isopropyl alcohol, toluene, and a methyl ethyl ketone - 
- 13wt(s)% — it added and the magnetic-substance slurry was produced The obtained slurry was 
fabricated in the doctor blade method to the green sheet. 

[0136] The hole for beer halls was formed in the green sheet by the punching machine, and the 
central conductor pattern was formed in the green sheet by the thick-film-screen-printing 
method after that. At this time, restoration of the beer hall of a beer hall was also performed 
simultaneously. The carbon paste was used for the printing paste. Thermocompression bonding 
of the green sheet was carried out, and the layered product was obtained. It cut in the 
configuration of an after that predetermined size, and calcinated at 1300 degrees C. The mean 
particle diameter of YIG after baking was 8.19 micrometers. At this time, the magnetic rotation 
child whom disassembled carbon and the hole opened to the configuration of an electrode 
pattern was obtained. 

[0137] the conductor which becomes this from 100% of silver — the paste was pressed fit with a 
hydrostatic-pressure press And the magnetic rotation child by whom the silver electrode was 
formed in the interior was obtained by printing this at 900 degrees C. 

[0138] Next, the grand electrode was formed by printing a silver paste on the vertical side of a 
baking object. Furthermore, the electrode which connects each terminal electrode and an up- 
and-down grand electrode with the baking object side was formed by printing a silver paste. 
[0139] The magnetic rotation child with whom the magnetic substance and the central conductor 
were united by this was obtained. 

[0140] 3. The non-reciprocal circuit element was obtained by assembling the magnetic rotation 
child (YIG2) and crystallized-glass capacity substrate which were obtained by carrying out like an 
assembly lever, the external magnet (thickness of 0.4mm) which considers Sm2Co17 as the main 
composition, and a yoke by arrangement of drawing 1 . 

[0141] The RF property was measured with the network analyzer, placed the sample into the 
thermostat and measured the temperature characteristic. The temperature characteristic of the 
isolator measured to Table 2 is shown. 

[0142] The non-reciprocal circuit element of this invention has the extremely stable property of 
resonance frequency to the temperature change of the external world, in order that the 
temperature coefficient of the specific inductive capacity of a PbZr03 capacity substrate, the 
temperature coefficient of the residual magnetic flux density of the external magnet which 
considers a rare earth permanent magnet as the main composition, and the temperature 
coefficient of the saturation magnetization a magnetic rotation child's YIG may cancel. 
[0143] Moreover, since a rare earth permanent magnet can give sufficient external magnetic field 
even if it is smaller than the ferrite magnet used conventionally, it can make the whole element 
very thin. Here, although the rare earth permanent magnet used the thing with a thickness of 
0.4mm, in the ferrite magnet, the thickness of 0.8mm was required to acquire a required magnetic 
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field 

[0144] Furthermore, since the dielectric constant was higher than the conventional thing, a 
PbZr03 capacity substrate can also be made small. Although the 4.8mm long and 4.5mm wide 
thing was used for the PbZr03 capacity substrate, in order to obtain the same capacity, in other 
things, 6mm by 5.6mm was required for it. 

[0145] In order that the temperature coefficient of a capacity substrate, the temperature 
coefficient of an external magnet, and the temperature coefficient of YIG might not cancel the 
non-reciprocal circuit element of the examples 1, 3, 4, and 5 of comparison, the property 
changed a lot to the temperature change of the external world. Furthermore, since it was small 
as compared with PbZr03, the horizontal appearance also became [ the dielectric constant of 
dielectric materials ] large. 

[0146] In order that the temperature coefficient of a capacity substrate, the temperature 
coefficient of a ferrite magnet, and the temperature coefficient of YIG may cancel the non- 
reciprocal circuit element of the example 2 of comparison, the property is comparatively stable 
to the temperature change of the external world. However, it is still a value worse than the 
element of this invention. 

[0147] Moreover, in order to obtain an external magnetic field required of a ferrite magnet, 
magnetic thickness had to be set to 0.8mm or more, and the appearance of a non-reciprocal 
circuit element became larger than double precision in the height direction. 

[0148] Furthermore, since it was small as compared with PbZr03, the horizontal appearance also 

became [ the dielectric constant of dielectric materials ] large. 

[0149] 

[Effect of the Invention] As mentioned above, according to this invention, the non-reciprocal 
circuit element which could be miniaturized and was excellent in the temperature characteristic 
can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective diagram showing the whole non-reciprocal circuit 
element (3 terminal circulator) composition. 

[Drawing 2] It is the graph which shows the temperature change of the residual magnetic flux 
density of a Nd2Fe14B magnet and a ferrite magnet. 

[Drawing 3] the composition of the magnetic rotation child of 3 terminal circulator is shown 
roughly — it is a fracture perspective diagram in part 

[Drawing 4] It is the decomposition perspective diagram showing the composition of the whole 3 
terminal circulator. 

[Drawin g 5] It is the representative circuit schematic of 3 terminal circulator. 

[Drawing 6] It is drawing explaining a part of manufacturing process of the magnetic rotation 

child of 3 terminal circulator. 

[Description of Notations] 

1 Irreversibility Magnetic Rotation Child 

2 Magnet for External-Magnetic-Field Impression 

3 Capacitor 

4 Yoke 

10 Magnetic Layer 

1 1 Inner Conductor (Central Conductor) 

1 2 Terminal Electrode 

13 Grounding — Conductor (Grand Electrode) 

14 Direct-Current Magnetic Field 

20 Magnetic Rotation Child 

21 Capacitor for Resonance 

22 Permanent Magnet for Excitation 

23 Permanent Magnet for Excitation 

40 Up Sheet 

41 Middle Sheet 

42 Lower Sheet 

43 Veer Hole 

44 Up Inner Conductor 

45 Lower Inner Conductor 

46 Terminal Electrode 

47 Grounding — Conductor 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[ Drawing 1] 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 5] 
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